Validity of generic concrete shielding parameters for different concrete by Præstegaard, Lars Hjorth et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 18, 2017
Validity of generic concrete shielding parameters for different concrete
Præstegaard, Lars Hjorth; Klinkby, Esben Bryndt; Søndergaard, Christian Skou; Nørrevang, Ole
Publication date:
2016
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Præstegaard, L. H., Klinkby, E. B., Søndergaard, C. S., & Nørrevang, O. (2016). Validity of generic concrete
shielding parameters for different concrete. Poster session presented at 55th Annual Conference of the Particle
Therapy Co-operative Group, Prague, Czech Republic.
Validity of generic concrete shielding
parameters for different concrete 
recipesLars Hjorth Præstegaard1, Esben Bryndt Klinkby2, Christian Skou Søndergaard1, 
and Ole Nørrevang3
1Department of Oncology, Aarhus University Hospital, Aarhus, Denmark
2DTU Nutech, Technical University of Denmark, Denmark
3Danish Center for Particle Therapy, Aarhus, Denmark
Background
High-energy neutrons with energies above 50 MeV are the 
main radiation hazard at particle therapy centers due to a very 
low high-energy inelastic reaction cross section. At almost all 
centers concrete is used as the main shielding material 
because concrete is an efficient neutron shielding material, is 
relatively cheap, and has very good structural properties.
Shielding calculations at the Danish Center for Particle Therapy 
(DCPT) are performed with an analytical line-of-sight model for 
the ambient dose equivalent [1, 2]:
The present work evaluates the validity of generic source and 
attenuation data  (H0  and ) for different concrete recipes. 
Conclusions
The change of  with atomic number is slow in good agreement 
with the slowly decreasing total high-energy inelastic neutron 
reaction cross section per unit mass. Therefore, for standard-
density concrete with an average atomic number in the range 
20-30, the use of generic source and attenuation data from 
literature produces an error which is insignificant in 
comparison with the uncertainties of shielding calculations 
and safety factors of shielding design.
Materials and methods
The elemental compositions (weight %) of TSF-5.5 concrete 
[1], DCPT concrete, and a special low-activation marble 
concrete (used in the vicinity of the DCPT degrader ) are shown 
in table 1. Values of H0  and  are calculated for all concrete 
types using MCNPX Monte Carlo simulations [3] of a spherical 
concrete geometry with a radius of 90 m. Also values of  are 
calculated for different water contents of TSF-5.5 concrete.TSF-5.5
concrete
DCPT 
concrete
Marble 
concrete
Density (g/cm3) 2.31 2.25 2.30
Avg. atomic mass 24.2 22.9 27.7
Element Content (weight %)
H 0.6 % 0.1 % <0.1 %
C 17.4 % 7.6 % 10.4 %
O 40.8 % 51.1 % 37.4 %
Na 0.8 % <0.2 %
Mg 3.2 % 0.1 % 0.2 %
Al 1.2 % 2.4 % 0.6 %
Si 3.4 % 21.8 % 2.3 %
S 0.3 % 0.2 %
K 0.9 % 0.2 %
Ca 32.5 % 13.4 % 47.3 %
Ti 0.1 % <0.2 %
Fe 0.8 % 1.5 % 0.9 %
Ni 0.2 % <0.2 %
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Table 1: The elemental composition (weight %) of TSF-5.5 concrete 
[1], DCPT concrete, and low-activation marble concrete.
Results and discussion
The differences of H0  and  for DCPT concrete and marble 
concrete with respect to that of TSF-5.5 concrete for various 
target materials, proton energies, and angles are shown in 
figure 1. In addition, in figure 2  is plotted versus the water 
content of TSF-5.5 concrete. The maximum observed change 
of  for a significant change of the concrete recipe and the 
water content is 3.2 % (marble concrete, 0-10), corresponding 
to a dose increase of about 20 % or an extra wall thickness of 
6.4 cm for a 2-m thick wall. This is insignificant in comparison 
with the uncertainty of the line-of-sight model and the safety 
factor of 10 used for the DCPT shielding design.
In figure 1  is observed to increase only 0.8 % per extra 
average atomic number in good agreement with the slowly 
decreasing total high-energy inelastic neutron reaction cross 
section per unit mass in figure 3.
For all configurations in figure 1, the calculated values of H0  
and  for TSF-5.5 concrete is in good agreement with those of 
Sheu [1] with a maximum deviation of 36 % for H0 and 3.4 % 
for , which is attributed to statistical errors, an older version 
of MCNPX, and a slightly different target geometry.
Figure 1: Deviation of H0 and  with respect to that of TSF-5.5 
concrete for various target materials, proton energies Ep, and 
angles .  a) Deviation of H0. b) Deviation of .
Figure 3: Total high-energy inelastic neutron reaction cross section 
per unit mass  versus atomic mass  of the target nucleus [4].
Figure 2:  versus the water content of TSF-5.5 concrete.
Ep: Proton energy
r: Distance from the source to the point of 
interest
: Angle between the proton beam and 
the line-of-sight from the source to the 
point of interest
H0: Source term
d: Wall thickness (g/cm2)
: Attenuation length of shielding material 
(g/cm2). 
